A fast-growing quantity of fossil material -post-cranial as well a s skulls a n d teeth -is combining with cladistics a n d other new theoretical perspectives radically to change the picture of human evolution. Here, a summary of that picture is given, as the basis for a re-examination of that fundamental question of Pleistocene archaeology, the matching with the bones of the stones of the palaeolithic sequence.
While archaeology has been introspectively sorting out the implications of the new archaeology, evolutionary biology has been having its own little theoretical and methodological revolution. Not since the neo-Darwinian 'Modern Synthesis' was hammered out in the 1930s and 1940s has there been such an interest in the mechanisms, processes and patterns of evolution. Compared, however, to the impact of ideas drawn from the social sciences, this has had little or no effect on archaeology. Biology has only become incorporated into archaeology through a growing interest in ecology. However, while models and behavioural theories drawn from the social sciences may be appropriate for recent prehistoric and historic periods, their relevance to the remote period of the Pleistocene and the pre-anatomically modern hominids is less clear-cut.
The separation of physical anthropology and archaeology (especially palaeolithic archaeology), and thus to a large extent Ihe relative insignificance of neo-Darwinian theory, is a curious anomaly. Their subject-matter is essentially the same -the evolution of hominids, on the one hand through their anatomy, on the other through their technology. Few people -and Glynn Isaac was a notable exceptionhave attempted to integrate the two. The reasons for this are no doubt complex. Among them are the separation at an early date, in Britain at least, of archaeology and anthropology, and its stronger links with history. Other factors include their very different data-bases, and hence disparate methodologies and analytical techniques. Certainly dissatisfaction with earlier archaeologists' attempts to treat stone tools as evolving and even reproducing organisms in their own right has made many contemporary workers sceptical of the value of an evolutionary approach.
Perhaps the central problem in the unification of palaeoanthropology as a single discipline lies in the way 'biology' and 'culture' have been dichotomized. On the one hand the evolution of human anatomical form is seen as the product of natural selection, much as that of any other species: archaeology, however, dealing as it does with behaviour, has been considered to be beyond the scope of natural selection, and change has been accounted for through other, usually cultural, mechanisms.
However, the developments in evolutionary biology have made this dichotomy increasingly untenable. Behaviour is now an integral part of biology, and evolutionary theory has been extended to encompass the evolution of all types of behaviour. Bchavioural ecology has been expanded at both a theoretical and empirical level, firmly underpinned by evolutionary principles (see Krebs & Davies 1981 . The implication is that behaviour evolves through the mechanisms of natural selection in the same way that anatomical features do. While it may be argued that this does not apply to modern humans, in considering the development of pre-modern human behaviour it is clear that evolutionary models have a great deal to offer. This paper explores some possible links between evolutionary biology and palaeolithic archaeology, and in particular how the fossil record can act as a framework for understanding the pattern of stone-tool technology during the Pleistocene, and how the archaeological record can be used to extend the information of the fossil record. I shall argue that covariation between hominid fossil morphology and artefact variability is an essential starting-point for understanding the evolution of human behaviour.
Recent developments in palaeoanthropology
The current decade has seen a great change in the interpretation of the pattern of hominid evolution, the implications of which have yet to be fully absorbed by palaeolithic archaeologists. The central development discussed here is that hominid evolution has involved a much greater level of species diversity than has previously been recognized. In S.J. Gould's (1977: 56) words, human evolution is like a bush, not a ladder. In more technical terms, hominid evolution consists of one or a more adaptive radiations, and fossil hominid species cannot be treated as simple unilinear and successive chronospecies. This current interpretation of the hominid fossil record has been the outcome of three factors: the first is the expansion of the fossil record, the second, the application of cladistic techniques to the analysis of hominid phylogeny, and the third the incorporation of studies of human evolution into a broader, more comparative approach.
The expansion of the hominid fossil record over the last three decades has been well documented (see Delson 1985 for a summary of this material). Work in Africa, especially in the E African rift valley, has been domininant, demonstrating the emergence of the hominid lineage from at least 5.0 Ma and the radiation of the australopithecines. However, important discoveries have also been made in China and Europe relating to the later evolution of the genus Homo, to the extent that at the taxonomic level of genera, species and sub-species, and evolutionary patterns over periods of less than a million years, the hominids are one of the best-documented mammalian groups.
Cladistics (see box overleaf) is a system of analysis for reconstructing evolutionary relationships. Determining relationships between different organisms has classically been determined on the basis of morphological similarity. The more similar any two specimens are, then a closer and closer relationship is indicated, and a more recent evolutionary divergence inferred. However, following the work of the German taxonomist Hennig, it has been recognized that in reconstructing evolutionary relationships from morphological similarity, some features are more useful than others. the guiding principles are that degree of relatedness is determined by recency of common ancestry, and that only features which are derived independently are of any evolutionary and taxonomic significance. Thus, those features which an animal has by virtue of having inherited them from a common ancestor (i.e. primitive features), should not be used to determine its degree of relationship with other species. For example, if we are interested in the degree of relatedness of several species of mammal, the presence of a vertebral column is of no use, since this is not only shared by all mammals but is inherited from premammalian forms. Cladistics thus distinguishes between on the one hand plesiomorphs (that is, characteristics of common descent) and apomorphies (derived characters unique to specific lineages). Only apomorphies, and in particular synapomorphies (that is, shared derived features) can be used to determine evolutionary relationships. This technique has certain practical drawbacks, but it provides a logical and systematic method for determining the phylogeny of a group of organisms (see Ridley (1985) for a description and discussion of cladistics). In recent years a cladistic approach has been applied to hominid evolution, with results that indicate perhaps a greater degree of diversity of hominids (i.e. number of species) form than has previously been considered to be the case (Ske1ton.- Drawhorn-& McHenry 1986 : Tattersall 1986 ). This pattern of diversity is outlined in more detail below.
The third major change is one of orientation. Hominid evolution is seen much less in isolation than has traditionally been the case. The uniqueness of humans, their special place in nature, and of course our own conceited interest in the evolution of our own species, has served to drive a wedge between palaeoanthropology and rest of evolutionary biology. That wedge is gradually being removed, with results that show firstly how fruitful it is to compare human and non-human evolution, and second, that in many ways the pattern of human evolution is similar to that of other species. The area where this has been most exciting is in the field of evolutionary ecology -that is, linking the evolution of a species to the ecological and environmental conditions in which it lived. This has provided us with a basis for determining the reasons underlying the pattern of evolutionary change (Foley 1987) .
The pattern of hominid evolution What, then, is the current view of the pattern of human evolution? At a most general level, it is widely accepted that hominid evolution as a sequence begins with the australopithecines, and is followed by the emergence and evolution of the genus Homo from Homo habilis through Homo erectus to Homo sapiens. This bald statement reflects the gross outline of hominid evolution, but it also obscures the diverse nature of the evolutionary pattern within this sequence. At each of these stages there is considerable variability, with the result firstly that relationships between them are unclear and secondly that human evolution cannot be seen simply as a trend towards anatomically modern forms.
The earliest hominid taxon, Australopithecus, is itself diverse and variable, The species currently recognized within this genus include an early and primitive form (Australopithecus afarensis), showing anatomical similarities to the African apes, and possessing a small brain and possibly retaining considerable arboreal locomotor behaviour. This specifically E African form is often allied to a slightly later S African taxon, A. ufricanus, which is also lightly built and relatively small-brained. Overlapping, but generally at a slightly later date, are a series of more robustly built australopithecines. A. robustiis from S Africa and A. boisei from the E are the most widely recognized species, but additional species have been suggested for both regions (A. crassidens and A. aethiopicus). These taxa range in date from 5.0 to 1.0 Ma, indicating that during this period there was an adaptive radiation of australopithecines (Howell 1978; White, Kembel & Johanson 1983; Walker et ul. 1986 , Susman et al. 1985 The earliest members of the genus Homo were probably part of that radiation -that is, australopithecine-like forms with larger brains relative to their body size. Homo first appears at over 2.0 Ma. While this is generally referred to as Homo habilis, it is becoming increasingly clear that these early Homo forms are themselves variable, and that there was probably a number of species or sub-species during the first phase of hominine evolution (Wood 1985; Lieberman 1986 ). H. erectus, appearing at about 1.6 Ma (Brown et al. 1985) would have been part of that radiation. H. erectus is frequently considered to be the sole representative of hominids during the bulk of the lower and the earlier parts of the Middle Pleistocene (Pilbeam 1975) . It has been recognized from sub-Saharan Africa, N Africa, Indonesia, China, and possibly Europe, ranging in date from over 1.5 to less than 0.5 Ma (Howell 1978; Pope 1983; Stringer 1981) , This all-embracing view of Homo erectus, however, has recently been questioned by various authors employing cladistic techniques (Andrews 1984; Wood 1984; Stringer 1985) , They have argued that many of the features used to link the specimens included in H. erectus together are in fact pleisioniorphicthat is, that they are primitive features finherited from a common ancestor rather than being derived unique features that define the taxon. In turn they point out that the Asian 'H. erectus' specimens possess certain traits which are unique to them and are not found either in earlier African material or in any later African and European hominids. The implication is that Homo erectus is not a single undifferentiated taxon which evolves throughout the world into Homo sapiens, but is in fact several, probably geographically defined, taxa of which only one leads on to Homo sapiens. This perspective sees H. erectus as an adaptive radiation of hominids in the lower and middle Pleistocene, with only part of that radiation being involved in the evolution of anatomically modern forms. According to this view the archaic sapiens forms of Europe and Asia, including the neanderthals, are local continuations of their regional populations of 'H erectus', with only the African forms giving rise to modern H. sapiens (Kightmire 1984; Brauer 1984; Stringer 1984 ; but see Wolpoff et al. 1984 for a contrary view), a view supported by recent work in molecular biology (Cann et al. 1987) , This mirrors the pattern seen in earlier hominid evolution among the australopithecines.
~~ ~

Phylogenetic or cladistic analysis
Phylogenetic analysis, as opposed to phenetic classification, uses only certain features in constructing classifications and determining the degree of relationship and the relative recency of evolutionary events. These features are known as derived traits (apomorphies). Imagine a set of five species (A-E), in which one of them (A) is known to be more distantly related to all the others. However, the relationships of the species B, C, D and E are not known (CLADOGRAM 1). To determine their phylogenetic pattern, two traits are consideredcircles arid squares. Species A is primitive in both these traits, that is, both the squares and the circles are unshaded. However, their condition or state in the other species varies from the unchanged primitive condition to half shaded to fully shaded (derived).
All of Species B to E have a more derived state for circles -either half or fully shaded, which indicates that Species B to E are a clade or branch relative to Species A (CLADOGRAM a), and that the transformation from unshaded to half shaded occurred after this branching event, but before any other divergences had occurred. With respect to squares, the fact that not all the species show a derived condition (i.e. open squares still exist in some of these species) suggests that at this stage squares were still in their primitive condition.
Among species B-E, B and C have moved to the most derived condition for circles (fully shaded), while D and E retain the intermediate condition. This indicates that, with regard to this trait B and C are a clade relative to D and E (CLAUOGRAM 3). In this illustration this would be supported by the fact that D and E have evolved a more advanced type of square -half shaded. This is taken to an even more extreme form in species E, which has the fully shaded square (CLADOGRAM 4) . From this analysis it is possible to use the cladogram to deduce where traits evolved and which species had them because they had inherited them from a common ancestor (CLADOGKAM 4).
The key elements in this type of analysis are that an outgroup with the primitive condition (in this case Species A) can be identified, that the route of change for the characters (known as their polarities) can be assessed, and that independent evolution of traits is improbable. All of these assumptions can be violated, and so a cladistic analysis must be treated cautiously and as a hypothesis about evolutionary relationships, rather than a firm fact.
(See Ridley (1985) for a full discussion.) single unilinear process.
The pattern of hominid evolution, shown here as u series of adaptive radiations rather than a FIGURE 1 summarizes this interpretation of human evolution, The main point to emphasize is the fact that human evolution is a sequence of successive adaptive radiations, not a straightforward unilineal process. The basis for each adaptive radiation is likely to be a mixture of adaptation to local conditions and geographical isolation (the latter being particularly important in later hominid evolution), resulting in the evolution of diverse behavioural and ecological strategies, and hence separate species and sub-species (Foley, in press ). Whether these various taxa are distinct species, allopatric species, or sub-species cannot be determined with any certainty, and may be of taxonomic significance only. Whatever the level of taxonomic distinctiveness, they emphasize the importance of biogeographic factors in evolutionary patterns. To return to the factors that have contributed to this new perspective, it is the increase in the hominid fossil record in conjunction with a more rigourous cladistic analysis that has been critical. However, it is also interesting to point out, in the light of the third factor discussed above (integrating palaeoanthropology with other aspects of evolutionary biology) that the evolution of the family Hominidae now bears a greater similarity to that of other mammalian families. The question that now needs to be addresed is whether this model has implications for the interpretation of the palaeolithic archaeological record.
Hominid species and artefact assemblages Stone tools form the principal source of data of the palaeolithic archaeological record. Variability in these tools has been used to deduce information about the life of prehistoric man.
Such inferences include cultural groups, economic activities, manual and cognitive skills, and ecological context. In terms of the evolutionary pattern outlined above, a further factor can he added -do the stone tools conform to the distribution of fossil hominid taxa? Associations between hominids and stone tools must always be provisional. Attribution of artefacts to particular hominids can be complicated by the coexistence of sympatric hominid taxa (e.g. early Homo and the robust australopithecines) In this context even direct associations between fossils and artefacts can be misleading; after all, if a hippopotamous is found with some stone tools we do not assume that the hippo made them! However, the principal difficulty is that the hominid fossil record is relatively poor, on a continental scale, compared to the archaeological record. Extrapolations must therefore be made based on overall distributions. Given these limiting assumptions, though, certain generalizations may he made.
The earliest stone artefacts are simple chopping tools and flakes, usually referred to as Oldowan, These occur from approximately 2.3-2.0 Million years ago and their appearance coincides with the existence of the first members of the genus Homo (Isaac 1984; Harris 1986) . H. erectus is present in the fossil record by 1.6 Ma, and shortly after this date large bifacially worked flakes, the distinctive tools of the Acheulean, occur in the archaeological record (Isaac 1984) . These handaxes remain the diagnostic artefact of the early stone age throughout Africa until towards the end of the middle Pleistocene.
Outside Africa hifaces occur in southern and western Europe and in western and southern Asia. As Movius (1948) pointed out many years ago, W of India handaxes are absent, and the stone tools of the lower and middle Pleistocene in eastern and southeastern Asia are simply flaked pebble tools and associated dehitage (choppers and chopping tools). there are some reports of Acheulean artefacts in western China, hut basically the archaeological asemblages of the earlier phases of prehistory may be divided up geographically into a biface western province and a chopping tool eastern province. Furthermore, artefacts are absent or very rare in the earlier phases of hominid occupation of SE Asia, leading to speculation that the technology of these hominids was predominantly made from wood (see Ikawa-Smith 1978 , OIsen 1983 and Pope 1983 for recent descriptions and discussions of the Asian Palaeolithic).
In terms of fossil hominids the transition from H. erectus to more advanced hominids, as discussed above is a complex one. Throughout the Old world changes occur toward? the end of the Middle Pleistocene. However, for the most part these continue the local trends of the preceding H. erectus forms, and it is only in Africa that there is evidence for continuity through to anatomically modern humans, H. sapiens sapiens (Brauer 1984; Rightmire 1984 ). In Europe the archaic H. sapiens continue through to the Neanderthals, also found in western Asia and in N Africa, while in Asia there is considerable continuity of archaic forms from H . erectus both in China and Indonesia. A similar pattern of local continuity can be seen archaeologically. In Europe hifaces occur quite late, and very much reduced forms are known in the Mousterian (Mousterian of Acheulean tradition (MTA)). The Mousterian itself, characterized by the distinctive Levallois prepared core technique of manufacture, is a European and middle eastern phenomenon of the Upper Pleistocene (see Dennell (1984) , Gamble (1986) (Clark 1970; Klein 1983; Mehlmann 1987) . A further, possibly geographical, component of the late middle Pleistocene archeology of Africa is the Sangoan, characterized by large, distinctive picks (McBrearty, in press ).
This pattern of continuity associated with the transition from H. erectus to the various archaic populations of the Middle Pleistocene contrasts markedly with that of the transition to anatomically modern humans. In this case it is only sub-Saharan Africa that displays continuity; elsewhere there is an abrupt break, What is particularly interesting is that this is true for both fossils and artefacts, In Europe and in Asia the true, punctiform blade technology appears suddenly and relatively late (40,000 -25,000 years ago)." In Africa it is earlier (70,000 years ago) and more continuous with the MSA. By the end of the Pleistocene virtually all parts of the world, including the New World, have yielded industries in which blade and microlith production is an important element. In contrast to industries associated with earlier hominids, these show more intraassemblage variability, are relatively short lived, and vary geographically over comparatively short distances.
Palaeolithic assemblages as traits of hominid evolution
In summary, hominid artefacts of the Pleistocene are patterned geographically and temporally in ways that mirror to some extent the variability in fossil horninids. The question that remains is whether this association can tell us something useful about the process and pattern of hominid evolution. To do this we must return to the principles of cladistics discussed above. It will be remembered that * The question of the relationship between the origins of modern humans and the beginnings of the Upper Palaeolithic was the subject of a recent conference at Cambridge (see J.A.J. Gowlett, Antiquity 61 (July 1987): 210--19) . the proceedings of which will he published shortly under the editorship of P. Mellars and C. Stringer. certain features are particularly useful in analysing evolutionary relationships because they occur uniquely in some taxa relative to an outgroup, while others are less useful because they indicate only characters inherited from a common ancestor. Using this principle in relation to hominid morphology, based on the discussion presented above, a cladogram of hominid phylogeny can be constructed (FIGURE 2) . By placing associated stone-tool technologies on to this, some interesting patterns can be seen. First, taking a broader perspective, the manufacture and use of 'fishing sticks' for termites (Goodall 1970 ) and the use of stones for cracking palm nuts (Boesch & Boesch 1982) indicates that tool making and some tool use may be considered to have evolved prior to the divergence of hominids and African apes. Tool use can thus be said to be a plesiomorphic (ancestral, primitive) trait of the African hominoids. The next development is the manufacturing of stone tools. Current evidence would suggest that this is not a general hominid trait, but is unique (apomorphic) to the genus Homo, as both the genus and the first stone tools appear at about 2 . 3 Ma. It should be pointed out, though, that there is an intermediate stage that may have occurredthe use of stone or bone as a digging stick. Brain (1986) has suggested that certain bones at Swartkrans (i.e. associated with A. robustus) have a distinctive pattern of wear that can only be replicated by digging. It is possible, therefore, that some of the australopithecines employed these artefacts.
Bifacial flaking and the manufacture of handaxes is concurrent with the earliest appearance of H. erectus. The widespread distribution of handaxes in conjunction with their earlier African origin would seem to support the view of an African origin to this taxon. If African H. erectus is the first hominid to spread out of Africa and is broadly ancestral to all later hominids, then the bifacial tradition may be treated as a plesiomorphic trait, and so is of relatively little use in determining later hominid relationships. What is critical for this are the developments from the bifacei Acheulean tradition and these are complex. As hominids diverged in different parts of the Old World, so too did their technology. In E Asia there was a reversion to pebble tool industries, as there was also in eastern Asia. Indian popul-FIGCJKE 3. The beginning: the expansion of Homo erectus from sub-Saharan Africa. As the species colonized Asia and Europe they diverged biologically, In Europe the biface tradition was maintained, in eastern Asia it was lost. ations maintained the 'handaxe habit' prior to the development of Soan and other specifically Indian middle stone age industries. In Africa, Europe and western Asia the biface industries are maintained until well into the middle Pleistocene, although with some distinctive traits in each area (e.g. cleavers in sub-Saharan Africa, specialized flint manufacturing techniques in Europe). What would appear to be happening is that as populations become more isolated and distant from their African H. erectuslhandaxe origins divergence takes place
What is of especial interest, though, is that local development occurs in parallel between the lower palaeolithiciearly stone age and between H. erectus (sensu Jato) and 'archaic sapiens'.
In other words, the stone-ton1 assemblages behave in the same way as the morphological traits of the fossils themselves; they are relatively conservative, changing very slowly (i.e. they are stable over periods of several tens of thousands of years, where modern human technology changes very rapidly), and they diversify only in the face of large-scale geographical isolation. Stone-tool variability in the Pleistocene, prior to the appearance of anatomically modern humans, seems to be a marker for the biological populations that produced them.
The pattern of change and diversity seen in the earlier hominids and their artefacts contrasts starkly with that of the evolution of anatomically modern humans and the spread of a blade technology. As discussed above, the transition to anatomically modern humans is distinct from this pattern. Here both the fossil and archaeological evidence would seem to support the view that this event occurred in (south) Africa, from which modern humans and their associated technologies dispersed
FlCLlKE 4. The end of the 'archaic' world: by the beginning of the upper Pleistocene the descendents of the African Homo erectus had diverged to form local epicentres of evolution. Three such populations can currently be identified: 1 sub-Saharan Africa [MSA 6. early blade industries), the ancestors of modern humans; 2 Europe, the circum-Mediterranean, and Central Asia -the Neanderthals and the Levallois Mousterian; 3 eastern Asia: archaic hominids (e.g. Ngangdong, Solo, Ma'pa) and associated pebble tool industries. Each of these, and possibly others [central Africa, India?) was locally distinct, successful and expanding [hence evidence for overlap in N Africa and the Levant), but were eventually replaced by the anatomically modern humans from Africa with relatively little admixture from elsewhere in the world (FIGURE 4), When recent findings in molecular biology (Cann et al. 1987) are taken into account, it can be argued that three lines of evidence support the hypothesis of an African origin to anatomically modern humans, followed by dispersal -fossil, molecular and archaeological.
Matches, mismatches and predictions
What we have seen above is a very broad picture of the relationship between hominid fossils and stone-tool assemblages. There is indeed general congruence when both spatial and temporal variability are taken into account, sufficient to support the hypothesis that hominid technology and hominid morphology reflect the same evolutionary process. The best matches are: 1 the appearance of stone-tool technology with the emergence of the genus Homo; 2 the fit between the expansion of Homo erectus and handaxe industries from Africa and into adjacent areas; the unique development of technology in the Far East throughout the Pleistocene; the similarity of distribution of Neanderthals and the Mousterian; and the widespread occurrence of blade indus- tries after the evolution of anatomically modern Homo sapiens. It is these matches that support the hypothesis, put at its most simple, of 'one species, one technology'.
At a finer scale, however, anomalies and mis-matches occur, to which there may be several solutions. One solution may be to abandon this approach altogether, and to reject the biological basis of the evolution of human technological characteristics. This strategy, however, might well close down an important avenue for future research. An alternative is to examine the specific mis-matches or areas of uncertainty to see whether the anomalies can themselves indicate interesting evolutionary events.
An example may illustrate this point. North Africa and western Asia during the early upper Pleistocene has long been considered a complex archaeological problem. The industries of this period are broadly of a LevalloisMousterian type, but there are some curious variations. One such is the presence of the Dabban -a blade industry -below LevalloisMousterian levels at the Haua Fteah in Libya; another is the Aterian, a distinctive industry of the Sahara; yet another is the association at Skhul and Qafzeh of modern hominids with Levallois Mousterian. Clearly this will take some unravelling, but certain insights may be derived from this situation. North Africa and western Asia seem, during this period as for much of prehistory and history, to be more a part of the circum-Mediterranean than of Africa. The extension of Levallois-Mousterian, and, by inference, the biological populations of Neanderthals, into the eastern and southern Mediterranean indicates that in the 'archaic world' of the upper Pleistocene the Neanderthals were an expanding and successful population, colonizing more tropical latitudes to the S of their point of origin. The Aterian, which shares characteristics with the Mousterian under conditions of raw material scarcity, may be their most southerly extension. The Dabban, though, which has affinities with the early sub-Saharan blade industries (P.L. Carter, pers. comm.), may indicate intrusions from the S of equally successful sub-Saharan populations, producing periods of overlap between two hominid populations. The oscillating nature of the distributions of these populations may bear out Roberts' (1984) view of the Sahara acting as a 'pump' according to climatic conditions. The prediction arising from this anomaly, therefore, would be that North Africa and western Asia were at different times occupied by 'Africans' and 'Eurasians'. Such a pattern should integrate with the climatic and environmental changes of the last glaciation.
Many other apparent mis-matches may indicate other evolutionary processes. The Chatelperonnian, which many now see as a technological extension of the European Mousterian, and similarly the Szeletian of Central Europe, may represent adaptive responses of the Neanderthals either to environmental changes, or, perhaps more intriguingly, to pressure from incoming anatomically modern humans associated with the Aurignacian. This may provide insights into the nature of adaptive responses, biological and technological, to competitive interactions. The Sangoan in subSaharan Africa contrasts with the classic MSA from this region, and may indicate greater diversity within Africa (a vast continent, after all) and an alternative trend among African populations than that towards modern humans.
In the context of the evolutionary and biological model of the development of stone-tool technology during the Pleistocene put forward here, these are hypotheses that may pinpoint future lines of research that will themselves test the adequacy of the model. At this stage they suffer from being ad hoc accommodations to difficulties that arise from the model. This does not mean that they are necessarily wrong, but that what is needed is a more coherent set of expectations, especially in the areas of biogeographical distributions during the Pleistocene and the limits on technological variability. Our current inability to present a simple and unambiguous relationship between hominid fossils and stone tools is no reason to abandon the quest for an integration of palaeoanthropology within the framework of evolutionary biology.
Tool-making behaviour in hominid evolution
The principal conclusion to be drawn from this very brief examination of the relationship between fossils and artefacts during the Pleistocene is that as an attribute of the hominid taxa stone artefacts seem to behave in the same way as the morphological traits of the fossil themselves; that is, they are conservative, being maintained over periods of hundreds of thousands of years and distributed on a continental scale. Furthermore their spatial and temporal patterns of variability seem to covary with hominid morphology.
Technology is central to the adaptations and survival of modern humans. For all known modern populations tools are designed, manufactured and used as part of an extremely flexible and varied response to economic and cultural needs. As a result human technology changes rapidly, and differs markedly between populations. Archaeologists working on later prehistory have documented that this holds true for all anatomically modern humans and have developed theories of technology to account for this variability in relation to economic, ecological and cultural factors. The observations made here contrast sharply with this. For pre-anatomically modern humans technology remains stable over remarkably long periods of time; technologies are widely distributed across space, changing markedly only at a continental scale. Furthermore, what I have tried to show here, particular industries are associated with specific hominid taxa, and changes from one industry to another conform to branches on the hominid cladogram (FIGURE 2). This suggests a radically different animal from that of the modern human. Earlier hominids appear to be using technology in far more limited ways, and variability is greatly constrained. Indeed, it is possible that in these taxa the use of tools is constrained to the same extent and by the same means as physical, morphological attributes.
The technologies of early hominids may be a relatively fixed phylogenetic trait. changing only slowly and within certain limits as a response to geographical isolation, local raw materials and ecological requirements. As a lesson in human evolution the conclusion that might be drawn from this paper is that earlier hominids had aspects of behaviour that may have been fixed and stereotyped relative to modern humans. Stone tools were undoubtedly an important part of their adaptive strategies, but rather than tracking closely the environmental needs of populations, they are relatively inflexible traits reflecting hominid phylogeny. In terms of research procedure and ASSEMBLAGES: ARE THEY RELATED? 391 potential, whether these empirical conclusions are right or wrong, the implication is that palaeolithic archaeology must be treated in the same biological perspective as hominid evolution.
